Objective: The aim of the present study was to assess the optimal length of actigraphic recordings in patients with narcolepsy type 1. Methods: A secondary analysis was carried out with the previously collected data in eleven patients with narcolepsy type 1. Ten of the 11 patients were medicated at the time of actigraphic recording. Each patient originally wore an Actiwatch AW64 actigraph for at least 28 consecutive days. Overall, the patients were analyzed for 308 nights. Results: No significant differences were observed between the mean values of the 7-day and 14-day analyzed sets for the parameters sleep efficiency, fragmentation index, sleep onset latency, wake after sleep onset, and total sleep time. Conclusions: Our data suggest that 7 days of actigraphic recording could be sufficient for these patients. Significance: Our results for the optimal length of actigraphic recording could be useful for both physicians and patients.
Introduction
According to the third edition of the International Classification of Sleep Disorders (ICSD-3), narcolepsy type 1 (NT1) is a central disorder of hypersomnolence (American Academy of Sleep Medicine, 2014). The diagnostic criteria for NT1, based primarily on clinical issues, include excessive diurnal sleepiness, cataplexy, abnormalities in rapid eye movement (REM) sleep, and a low concentration of hypocretin-1 in the cerebrospinal fluid.
Recent studies have shown that actigraphic monitoring of sleep-wake behavior could be useful in screening NT1 (Filardi et al., 2015; Alakuijala et al., 2016; Leger et al., 2018) and also documenting the changes in sleep quality and daytime napping after treatment with sodium oxybate . A recent systematic review comprising a meta-analysis and Grading of Recommendations Assessment, Development, and Evaluation (GRADE) process recommends the use of actigraphy to assess total sleep time (TST) before the multiple sleep latency test (MSLT) in patients suspected of central disorders of hypersomnolence (Smith et al., 2018) . Indeed, MSLT could be potentially influenced by chronic sleep deprivation, which could be excluded through actigraphic monitoring. Importantly, these authors have also reported that ''In practical terms, actigraphy studies can be obtained over a period of 7-14 days, though currently there is no available data to determine the optimal length of study prior to MSLT" (page 1224). Furthermore, this observation also highlights the paucity of actigraphic data in narcolepsy research (Smith et al., 2018) .
To date, the optimal length of actigraphic recording in patients with NT1 remains unknown, even though this information could help to obtain objective and reliable data on the amount and quality of sleep in these patients. This topic was previously investigated in a report on other sleep disorders such as primary insomnia, which also examined patients with dementia (Van Someren, 2007) . Although it should be recorded for at least 7 days, the author recommended 14 days as the optimal duration for actigraphic monitoring. More recently, Briscoe et al. (2014) examined a sample of patients with different sleep disorders (primarily insomnia) who had been referred to a sleep disorder center. Contrary to the 14 days proposed by Van Someren (2007) , these authors recommended 7 days of actigraphic recording as the standard. As no such data are currently available for patients with NT1, we chose to carry out a secondary analysis of previously collected data in patients with NT1 (Leger et al., 2018; Tonetti et al., 2019) that originally wore an actigraph for at least 28 consecutive days. The aim of our study was thus to assess whether the optimal length of monitoring should be 7 or 14 days to address the deficiency in knowledge recently identified by Smith et al. (2018) . Although actigraphy is not a mandatory tool for diagnosing NT1, it has been considered useful for understanding the disease severity and evaluating the impact of treatments, as well as for monitoring TST before MSLT in patients suspected of a central disorder of hypersomnolence (Smith et al., 2018) . The aim of our survey was thus to better understand what time period should be recommended to doctors and patients.
Methods

Participants
Only patients with NT1 who had previously used an actigraph for at least 28 consecutive days were included in the present study, which resulted in the exclusion of two participants from the initial sample of 13 patients with NT1. Thus, the final sample was composed of eleven patients (7 females and 4 males), and the total number of analyzed nights was 308. The mean age of the overall sample was 40.55 ± 12.18 years. The mean age of males (42.75 ± 20.52) did not show significant difference when compared to that of females (39.29 ± 5.62) (t 9 = À0.44; p = 0.67). At the time of actigraphic recording, 10 out of the 11 patients were taking a medication (e.g., modafinil or sodium oxybate) to treat narcolepsy. Actigraphic records of these patients were retrieved at the Centre du Sommeil et de la Vigilance, Hôtel-Dieu de Paris (France).
Actigraphy
The Actiwatch AW64 actigraph model (Cambridge Neurotechnology Ltd; Cambridge, UK) was used in this study, which can directly assess motor activity and indirectly assess sleep through a validated algorithm (Oakley, 1997) . The device was equipped with a light sensor. According to the algorithm, each epoch was scored as sleep when the total number of activity counts (A) was equal to or less than the low threshold sensitivity value, i.e., 80 counts per epoch (Tonetti et al., 2008; Natale et al., 2014) . A was computed as an2*(1/25) + an1*(1/5) + a + a1*(1/5) + a2*(1/25). In the formula, ''an2" and ''an1" correspond to the activity counts in the previous 2 epochs, while ''a" is the activity count in the current epoch, and ''a1" and ''a2" are the activity counts in the next 2 epochs. The actigraphs were originally initialized using Actiwatch Activity & Sleep Analysis 5 software (version 5.32, Cambridge Neurotechnology Ltd; Cambridge, UK) to collect data in 1-minute epochs. The battery life of this actigraph model is 6 months.
Actigraphic parameters
The following actigraphic parameters were computed: sleep efficiency (SE), fragmentation index (FI), sleep onset latency (SOL), wake after sleep onset (WASO), and TST. We chose to examine these actigraphic parameters, as they are useful markers of sleep quality (SE, FI, SOL, and WASO) and quantity (TST). The parameters were calculated as follows: 
Procedure
All patients originally wore the actigraph around the wrist of their nondominant hand for at least 28 consecutive days. Patients were instructed to push the event marker button on the top of the actigraph to signal their bedtime and wake-up time, which were used by an experienced scorer to set the time in bed window. If patients forgot to push the event marker button, the scorer referred to the bedtime and wake-up time reported in the sleep diary that was filled in every day. Each participant provided written informed consent before their inclusion in the original study, which received approval by the ethical committee CPP Ile de France 1 (file number 2016 Mars 14180ND).
We split the entire 28-day recording period in half, which allowed us to repeatedly compute the investigated parameters for two separate blocks of 14 days each. We thus computed the actigraphic parameters for two separate blocks of 1 day, 2 days, 3 days, etc., up to two separate blocks of 14 days (i.e., days 1-14 and 15-28).
We then computed the percentage of the mean absolute difference between two estimates of an increasing number of days (Fig. 1) . For example, in the case of a 7-day analyzed set, we computed the difference between the mean values from day 1 through day 7 and from day 15 through day 21. In the case of a 14-day analyzed set, we calculated the difference between the mean values from day 1 through day 14 and from day 15 through day 28. These differences were transformed into absolute terms and finally into percentages according to the following formula: (mean absolute difference*100)/mean of the two mean estimates.
We also computed the average between two estimates of an increasing number of days (Fig. 2) . For example, for a 7-day analyzed set, we computed the average between the mean value from day 1 through day 7 and that from day 15 through day 21. For a 14-day analyzed set, we calculated the average between the mean value from day 1 through day 14 and that from day 15 through day 28.
Statistical analyses
For the percentage of the mean absolute difference and the mean of each actigraphic parameter, we performed a set of paired Fig. 1 . Percentage of the mean absolute difference between two estimates with an increasing number of days analyzed for the parameters SE (sleep efficiency), FI (fragmentation index), SOL (sleep onset latency), WASO (wake after sleep onset), and TST (total sleep time). For the number of days analyzed, ''1" refers to day 1 vs. day 15, ''2" refers to days 1-2 vs. days 15-16, ''3" refers to days 1-3 vs. days 15-17, etc. The mean absolute differences between a 7-day and a 14-day analyzed set were statistically compared, and the results are shown in Table 2. sample t-tests comparing a 7-day analyzed set with a 14-day analyzed set. As we performed multiple comparisons (n = 10), the significance level was set to 0.005, applying the Bonferroni correction.
The rationale for a 7-day vs. a 14-day analyzed set was based on previous mixed reports on the recommended length of actigraphic monitoring in patients with sleep disorders that differed from NT1, i.e., 14 days according to Van Someren (2007) vs. 7 days, in line with the results of Briscoe et al. (2014) . Furthermore, this rationale was also based on a recent work positing that TST actigraphic monitoring should last for 7-14 days before MSLT in patients suspected of central disorders of hypersomnolence (Smith et al., 2018) , although the optimal length of such a recording remains unknown.
Results
Table 1 presents the row mean values and standard deviations of the actigraphic parameters observed during the whole recording period (i.e., 28 days), as well as the corresponding cutoff values (Natale et al., 2014) . These cutoff values were originally proposed to discriminate patients with primary insomnia from healthy controls using the same actigraphic device. As no cutoff values are available for patients with NT1, the values for primary insomniacs were used to discriminate good-quality sleep from poor-quality sleep. It should be noted that no cutoff values were proposed for the TST parameter. Fig. 2 . Mean between two mean estimates with an increasing number of days analyzed, for the parameters SE (sleep efficiency; normal if >87; A), FI (fragmentation index; normal if <35; B), SOL (sleep onset latency; normal if <14; C), WASO (wake after sleep onset; normal if <40; D), and TST (total sleep time; no cutoff available; E). The cutoff value reported by Natale et al. (2014) to differentiate patients with primary insomnia from healthy controls is provided on the figure. Cutoff values for patients with narcolepsy type 1 are not available. For the number of days analyzed, ''1" refers to day 1 vs. day 15, ''2" refers to days 1-2 vs. days 15-16, ''3" refers to days 1-3 vs. days 15-17, etc. The mean values of a 7-day set and a 14-day analyzed set were statistically compared, and the results are shown in Table 2 . In Fig. 1 , the percentage of the mean absolute difference between two estimates is displayed relative to an increasing number of days analyzed, for each actigraphic parameter. As reported in Table 2 , we did not observe any significant differences between the percentage of the mean absolute difference of the estimate for a 7-day set as compared to that for a 14-day set, with regard to the parameters SE, FI, SOL, and TST. However, we observed a difference approaching significance for WASO, in which there was a lower percentage of the mean absolute difference for a 14-day set than for a 7-day set (Table 2) . Fig. 2 shows the mean values between two estimates relative to an increasing number of days analyzed for each parameter, as well as the corresponding cutoff value (Natale et al., 2014) . As shown in Table 2 , no significant differences between the mean values of a 7-day and a 14-day set were observed for any of the investigated actigraphic parameters.
Discussion
Our study assessed for the first time the optimal duration of actigraphic recording in patients with NT1, thereby addressing the deficiency in knowledge that was previously identified by Smith et al. (2018) .
When the whole recording period (i.e., 28 days) was considered, the row mean actigraphic values are outside the normal limits according to the cutoff values (Natale et al., 2014) for all parameters except for SOL (Table 1) . Overall, these data are in line with the data previously reported by Filardi et al. (2015) in drug-naïve patients with NT1, in which a different actigraph model (Motionlogger Ò Micro Watch), with its own specific cutoff values for primary insomnia (Natale et al., 2009) , was used. Indeed, based on observations by Filardi and colleagues (cf. Table 2 in Filardi et al., 2015) , all of the sleep measures were outside of the normal limits. Taken together, the data observed in the present study indicate a reduced sleep quality in patients, although most of them were under medication. With regard to the percentage of mean absolute difference between estimates of an increasing number of days analyzed, we observed a reduction in the variability of actigraphic sleep estimates with increases in length of actigraphy monitoring (Fig. 1) . Statistically, we did not observe any significant differences between a 7-day and a 14-day analyzed set for the different actigraphic parameters (Table 2) .
When the mean value between two estimates was analyzed with an increasing number of days, the mean values for all parameters except SOL were observed to be clinical according to the cutoff scores reported by Natale et al. (2014) for this specific actigraph model (Fig. 2) , for the whole period of actigraphy monitoring. Statistically, no significant differences were observed for any parameter between a 7-day and a 14-day analyzed set (Table 2) .
Taken together, the data reported in Table 2 on the percentage of mean absolute difference and the mean between the estimates of an increasing number of days analyzed suggest that 7 days of actigraphic recording could be sufficient to reliably describe the sleep features of patients with NT1. However, it is well recognized that NT1 is not diagnosed by actigraphy but by well-defined clinical features detailed in the ICSD-3 (American Academy of Sleep Medicine, 2014). Nevertheless, actigraphy may provide support in understanding the daily lives and sleep patterns of patients, in particular in the assessment of TST before MSLT in patients suspected of this disorder (Smith et al., 2018) . Moreover, actigraphy could be easily proposed as a means to understand the impact of treatments on sleep amount and fragmentation, under real conditions. This study is not without limitations, such as the reduced sample size and the fact that most patients were under medication. However, the shortcoming of the low number of participants is counterbalanced by the high number of analyzed nights. Moreover, there is some precedent for a reduced sample size, as one previous study examined a similar number of patients (n = 10), albeit with a different sleep disorder, primary insomnia (Van Someren, 2007) . Finally, evidence that NT1 symptoms can be reduced but not eliminated by drug treatment (Leger et al., 2018) mitigates the limitation of the ongoing therapy.
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